The relationship between the yield of wheat and seasonal rainfall in South Australia has been determined. The period chosen for examination was 1896-1941 and the analysis extends to practically the entire wheat belt of the State, all major soil groups and variants of climatic conditions within the area being represented. Yield was assessed using the hundred, which has an average area of approximately 118 square miles, as the basic territorial unit. Seasonal weather was represented by the rains in three subdivisions of the growing period of the crop, and these were taken as independent variates in an analysis by multiple regression. The regression of yield on rainfall, when considered as a,function of time, takes a mathematically simple parabolic form with a maximum in winter and zeros in autumn and spring or early summer, and the coefficients obtained provide a clear demonstration of the sub-optimal character of average seasonal rainfall over the greater part of the season and almost throughout the wheat belt. The conclusions drawn from the general survey are substantiated by analyses of a limited number of exact records.
I. INTRODUCTION In the Australian wheat belt the large fluctuations in yield are known to be dependent, to a very considerable extent, upon variations in the weather conditions prevailing in different years. Seasonal rainfall and its distribution in time constitute major determinants of yield, and associated factors, such as . temperature and evaporation, also play their parts by modifying the duration of the season and determining the effective rainfall available to the crop. From accumulated experience, and recognition of the fact that the effects of anyone meteorological element, for example rainfall, must vary throughout the season, the concept of an ideal distribution to meet the exigencies of critical periods during crop growth, has been developed. Apart, however, from such broad generalizations very little is known regarding the quantitative relationships of this phase of agricultural meteorology, notwithstanding the importance of such knowledge from both the scientific and the industrial points of view, including in the latter the direct and indirect value of forecasts in crop insurance and to trade and administration. This almost entire lack of accurate information is due principally to the complexity of the problem involved in the specification of the weather itself and the extreme paucity of reliable data.
Up to the present time the principal studies of Australian conditions have been contributed by Perkins and Spafford (1911, 1915) , Richardson (1923) , .. Section of Mathematical Statistics, C.S.I.R.O., University of Adelaide. Perkins (1924) , and Barkley (1927) ; reference is made again to the work of these authors in Section IV. With the advent of more powerful statistical techniques and accumulation of further data, the opportunity has been taken to carry out additional investigations. In a recent paper (Cornish 1949) , the C temporal trends of wheat yiel~s in South Australia were discussed. The period chosen for examination was 1896-1941 inclusive and the analysis extended to practically the entire wheat belt of the State, all major soil groups and variants of climatic conditions within the area being represented. As a preliminary to the evaluation of the trends it was necessary to estimate and to eliminate the effects of variations in seasonal rainfall on yield, and the paramount importance of this step, with respect to both principle and accuracy, is illustrated by the results established. After making due allowance for changes in the seasons, it was possible to show that, in the maze of unordered data from this extensive and heterogeneous area, yields followed courses which were classifiable into two sequences, each containing a few simple types intimately related to the nitrogen status of the soils. Districts possessing the several types of trend were accurately delineated and conflicting opinions regarding the maintenance of fertility under the cropping systems in use were clarified, particularly for those sections known as marginal lands. As an immediate consequence, it is now possible from consideration of the trends and relevant observations on the soils and rainfall, including reliability of the latter, to decide upon the nature of remedial measures, their urgency and chances of success in individual -districts.
In the paper cited no consideration was given to the effects of rainfall and one of the present main objectives is to take up this point. Since, for reasons which will be advanced later, the analysis must be regarded as only a general survey, a limited number of exact records obtained from experimental farms and private individuals have also been examined with a view to providing substantiation of the conclusions drawn from the general study.
II. THE GENERAL SURVEY ( a) Data and Analytical Method
The data and analytical technique that were employed have already been described (Cornish loco cit.) so that only the salient features need be repeated here.
(i) Yield Data.-The smallest territorial unit for which consecutive yield data are available is the hundred, the mean area of which in South Australia is approximately 76,000 acres, or 118 square miles. This unit was adopted and the yields, expressed as mean yields in bushels per acre sown for grain were extracted from the South Australian Statistical RegIster for all hundreds with an average area" of not less than 1,000 acres under crop. The yields used in compiling the records are not estimates but are derived from returns submitted by the growers. Figure 1 shows the distribution, within the regional divisions of the State (Regional Planning Committee 1946) , of the 296 hundreds that were examined.
In districts where cropping began prior to 1896, the analysis was confined to the period 1896-1941 inclusive and where it commenced in 1896 or later only those hundreds which by 1941 had records of 20 years or more were selected. These limitations were imposed for three reasons:
1. All records of yield prior to 1896 are incomplete owing to the occurrence of two gaps, totalling seven years, when no returns were taken during 1885-88 and 1893-95, and sections of the records which exist do not give yields in sufficient detail for the purposes of the analysis. 2. In 1942 the Commonwealth Government under war-time legislation, restricted the acreage to be sown to wheat. 3. The minimum of 20 years was chosen so that the trend in yield and the effects of seasonal rainfall could be accurately assessed.
(ii) Rainfall Data.-The finest subdivision of the year for which rainfall data were available in a form convenient for immediate use was the calendar month. This unit was taken and the data supplied by the Commonwealth Meteorological Bureau.
As so much was contingent upon making proper allowance for seasonal variations in yield, it was necessary to select the rainfall stations carefully. Owing to the circumstances that the area of each hundred is comparatively large, and that in many instances, particularly those hundreds on the slopes of the Mt. Lofty and Flinders Ranges, there are considerable changes in altitude, the choice of rainfall stations would have been very difficult and of doubtful value, had recourse not been taken to two subsidiary sets of information:
1. A map showing the location of the area under crop in each hundred.
A map of isohyets of April-November rainfall.
In the majority of hundreds only one rainfall record was used, particularly in the regions Nuyts, Eyre, Pyap, and Pinnaroo, where rainfall changes comparatively slowly with position; occasionally there were two and more rarely three. In all, some 261 records were used to estimate the effects of seasonal rainfall.
(iii) The Choice of Rainfall Variates.-The choice of rainfall variates was made after consideration of the following factors: (1) The nature and paucity of the yield and rainfall data; (2) the average distribution of seasonal rainfall; ( 3) the form of a previously determined regression function; (4) the period during which rainfall is effective; and (5) the general insignificance of the regressions of yield on November rainfall as determined in a previous analysis; and fell on the rains of the subdivisions:
April and May June, July, and August September and October, as suitable variates in effectively allowing for variations in seasonal conditions.
It is possible that rainfall of the preceding season and of the period December-March immediately prior to seeding are correlated with yield but such effects, if they exist, are small compared with those of the current season's rainfall to the end of October, and consequently they have been ignored. In any case the crop records are not of sufficient length to account for them adequately. Finally it is obvious that definite optimal conditions must apply in various parts of the season and the effects of rainfall at all times are not strictly independent and additive. In the present enquiry the quadratic terms corresponding to such factors have also been omitted, since in comparison with the linear terms they are of much less quantitative importance.
(iv) The Statistical Technique.-The statistical technique was that of multiple regression. Four different functions of time were employed to represent the temporal trends of yield, and if y denotes yield, Xl, X2, Xs the rainfall variates in the order given above, X4 and X5 time and its square, the types of multiple regression were
Y=y+b1(Xl-xd +b2(X2-X2) +bS(X3-X3) +b4(X4-X4)
(1) (4) the bar over a symbol designating the arithmetic mean.
Y=b1(Xl-xd +b2(X2-X2) +bs(xs-xs) +b4X4b5
For all cases in which regressions of types (1) and (2) were used, the multiple correlation coefficient was determined and thence the percentage of variance of yield, A, as~ribable to the average effects of the rainfall variates and time, from the relation (n-p-1) where R is the multiple correlation coefficient, n is the number of observations in the sample, and p the number of independent variates (Fisher 1924) . Where regressions of types (3) and (4) were fitted an index of multiple correlation was calculated as the ratio R2 __ 2SyY -Sy2 -njj2 1 -
S(y_y)2 '
and the percentage of variance from the relation
n-pp now designating the number of coefficients in the regression formula after deducting one for the mean.
(b) Characteristics of the Season
The most prominent feature of the season is the marked winter incidence of the rains. Approximately 70-80 per cent. of the annual precipitation occurs within the period April-October inclusive, the summer months being charac-terized by hot, dry atmospheric conditions, low rainfall, and high evaporation. Within the wheat belt, seasonal rains vary over the rather wide range 6 in. to 18 in. and their geographical distribution is illustrated by the isohyets of Figure 1 .
Further details are presented in Table 1 . Twelve stations, of which the locations are given in Figure 1 , have been chosen as representative of the conditions prevailing in different parts of the wheat belt and the quantities tabled all relate to the rainfall variates used in the multiple regression equations. With all three variates the standard deviations per annum, in absolute terms, increase very closely in direct proportion to the means. Relative to the means April-May (breaking) rains and September-October (spring) rains are more variable than June-July-August (winter) rains; the first two show a general tendency to decrease as the mean increases, the effect being slightly more pronounced for April-May rains. Apart from the two most variable stations (Quom and Loxton), the relative variability of the winter rains is comparatively constant. In all rainfall variates, the annual variation is very great, particularly when it is recalled that the variates are the total rains occurring in periods of 2 or 3 successive months; if shorter periods had been considered the relative variability would have been very much greater. 
].
-d. Table 1 also gives the intra-station correlations between the three variates. Four of the 36 coefficients show evidence of weak covariation but a test of association, derived from the inverse hyperbolic transformations of the correlations, Z = tanh-Ir, gives x 2 = 49.20 with 36 degrees of freedom for which 0.05 < P < 0.10, showing that the rains in the several parts of the season are practically independent, as judged from the data as a whole. ""
The inter-station correlations of Table 2 are in marked contrast, and indicate the very widespread nature of the disturbances producing the rains, despite the fact that the correlations decrease as inter-station distance increases. There is thus a definite tendency for the simultaneous occurrence of either very wet or very dry conditions over the whole wheat belt.
( C) Discussion of Results
The complete tabulation of the regressions of yield on rainfall has not been included since it is too extensive for reproduction herein; but all regressions are presented in summary tables and some of them graphically. Copies of the original data have, however, been filed and are available for inspection."
Before proceeding to discussion of the results, it must be emphasized that only one meteorological element has been used to characterize the season, so that, in correlating it with yield, the regression obtained is the resultant of a number of components, One the direct effect of the rainfall per se, and the remainder due to the direct and· indirect effects of all other elements to the extent to which they are associated with the rainfall· occurring in the several subdivisions under consideration. Table 3 sets out the distribution of the coefficients and indices of multiple correlation within arbitrary but convenient subdivisions of the range of seasonal rainfall and the mean values of the percentage variance, the value 83 per cent., for example, being the mean of the 14 cases in which the coefficient or index was ~ 0.91. In 267 hundreds, 50 per cent. or more of the observed variation in yield is expressible in terms of the rainfall variates and time, a fact sufficient to excite remark when it is recalled that all other causes of variation without exception are included in the remaining 50 per cent. or less. The relation which exists between the measures of correlation and ·seasonal rainfall reHects largely the strength of the relation between yield and rainfall, since in the majority of hundreds the regression of yield on time is the smaller contributor to the total variation ascribable to the regression formula. Considering the results as a whole, it can be claimed that a rainfall record provides a sufficiently accurate index of seasonal conditions in this environment. Table 4 lists the distribution of the correlations within the several soil types of the wheat belt. '" As rainfall and soil type are to some extent related, these distributions are not completely independent of those in Table 3 , but nevertheless they do indicate that the claim made above holds also on all principal soils. The grand total of 335 does not agree with that of Table 3 because 39 hundreds, comprised equally of two soil types, have been included under both in preparing the table. . This claim is illustrated from a complementary viewpoint by the frequency distributions of the hundreds and significant regressions in the double classification of soil type and rainfall in Table 5 , in which allocations to the soil groups are the same as those used in the construction of Table 4 . With the exception of the minor soil groups, solonetz, rendzina, and podsol, which represent a very small fraction of the total area, all soils possess high proportions of significant regressions over their respective ranges of rainfall. The coefficients b2 are outstanding and nearly all are significant. Approximately 50 per cent. of each of hi and hg reach significance, but with these regressions the proportions fall rather more rapidly than with h2 as the value of the corresponding rainfall variate increases. Red Brown Earths.-The three diagrams of Figure 2 show clearly that the magnitudes of the regressions decrease as the mean values of the rainfall variates increase, and as far as can be it\dged from the data these relationships are linear. Broadly speaking, hundreds classed in this soil group constitute a oJ 2·0 homogeneous set with respect to the cropping methods in use and consequently the gradual fall in the regressions can be taken as evidence that the corresponding rainfall variates are approaching optimal values. Further reference is made to this point below.
Loamy Mallee.-Regression coefficients of the hundreds allocated to this soil type are plotted in Figure 3 and the diagrams indicate an association with rainfall. With respect to b1 and b2 in particular the relationships are weakened to some extent by a subdivision of the points which depends partly on a climatic differentiation and partly on a difference in standards of agriculture, according to regional location of the hundreds in (a) Eyre, and (b) Goyder, Yorke, and Light. To obtain rough approximations to the optimal rains, heterogeneity due to different standards and climate have been ignored and the lines have been fitted using each complete set of observations. .. . . 
Sandy
Mallee.- Figure 4 shows the scatter diagrams of this soil type. The coefficients fall into two fairly distinct groups, the differentiation again being clearer for b1 and b2 than for ba. In this case the regional subdivisions are (a) Nuyts and Eyre, and (h) Flinders, Goyder, Yorke, Light, Pyap, and Pinnaroo. There is no evidence that either hI or hg decreases as the corresponding rainfall variate increases; h2 falls slightly but consideration of. the data indicates that this is not due to the fact that rainfall is approaching an optimal value. Nearly all coefficients with values less than l~ bushels pel' acre per inch and lying to the right of the diagram are from hundreds which possess low values of hI' ...
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-' J ;:: Stony Mallee and Mixed Mallee.-In these two types the diagrams resemble those of the sandy mallee soils, but dispersion of the points is not so great and there is no evidence of grouping according to regional location of the hundreds. Calcareous Aeolianite.-The diagrams are similar to those in Figure 5 . Desert Loams.- Figure 6 illustrates the position in this soil type. The grouping of the coefficients according to location of the hundreds in (a) Nuyts, and (b) Flinders and Eyre is very distinct, but there is no sign that the rains approach optimal values.
The data of the red brown earths and loamy mallee soils have been fitted with weighted regression lines but it has been assumed that the coefficients within each set are independent. Obviously this condition is not fulfilled. Each set of coefficients is distributed approximately in a multivariate normal distribution with an unknown matrix of variances and covariances. As, however, the principal object of the analysis was to make an empirical fit of the lines, tests of significance being of secondary interest only, statistical dependence of the data is of no great consequence . :.
'" i!:
"",'II". The frequency distributions of the significant regressions in Table 5 and the evident preponderance of high positive values, as indicated in the figures, provide a clear demonstration of the sub-optimal character of average seasonal rainfall over the greater part of the season and almost throughout the wheat belt. The diagrams also show that the response to rainfall varies among the soil types as well as within the types to which reference has been made, but before making further comment it must be emphasized that this study is, by nature, only a broad survey. Obviously with respect to any particular hundred there is on the one hand a set of factors tending to increase the responses to rainfall and on the other a set tending to decrease them. The observed regression on any rainfall variate is the resultant of their effects, and because of the nature of the data they are completely confounded and incapable of separateassessment; in fact, it is not possible to enumerate either set exhaustively. In consequence the labour involved in providing greater detail than that presented by a series of mean values is not warranted, and it would be unreasonable to give more than a few general observations. It may be anticipated, however, that the accuracy of comparisons between the means will be enhanced since the regressions have been derived either from the data of identical sequences of seasons or from series having a large proportion of years in common. The subdivisions of sandy mallee, loamy malIee, and desert loam correspond to those given in the text.
In absolute terms, the residual standard deviation of yield and the standard deviations of the rainfall variates vary considerably, and consequently to render the regression coefficients directly comparable, it is necessary to standardize them by multiplying each by the ratio standard deviation of rainfall standard deviation of yield Average values of these standardized regressions, denoted by b';, are set out in Table 6 together with the corresponding average standard deviations of yield, Sy, and the rainfall variates, Sf, to facilitate reconversion of the regressions to their original dimensions. The figures given are averages of all hundreds classified in the several soil types listed in the table.
With respect to any particular regression the contrasts are now substantially reduced, but several still persist. Transitional mallee-solonetz behaves differently from all other soils and the differences between the subdivisions of the sandy mallee and desert loam types stand out clearly. Seasonal rains vary in the neighbourhood of optimal values throughout considerable areas of the red brown earths and loamy mallee soils and consequently the means of these two' groups are lower than those of many of the remaining soil classes. Within the latter set, the means of all three coefficients are lower than might be expected on the basis of a comparison with the corresponding quantities from those parts of the red brown earths and loamy mallees with a comparable rainfall, the differences observed being attributable to a number of factors which may be integrated appropriately in the term "standard of wheat farming." In varying degree, the yields of all mallee districts have been affected by the lower standard of the practices adopted. The majority of hundreds in these areas were opened for cultivation after 1896, and consequently the pioneering phase represents an increasingly larger proportion of the period under review as the date of settlement advances from 1896. Cropping methods in the early stages ,are exploitative through circumstances incidental to pioneering on land carrying mallee vegetation. Mallee stumps remaining in the ground after the first clearing repeatedly send out new growth and the settler crops continuously for some years, burning the stubbles to destroy the shoots. During this phase, which may take up to 10 years to complete, the principal factor limiting yield, apart from rainfall, is probably a deficiency of nitrogen. In the course of time, yields improve as fallowing and other measures for increasing production are introduced, but the methods of cropping employed do not reach the same standard as in' districts with a rather more reliable rainfall. Under such conditions the response of the crop to rainfall is naturally not as great as it would otherwise be.
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The most significant observation is, however, that the figures quoted ; establish the greater effectiveness of winter rains as compared with autumn i and spring rains; on all soils, apart from transitional mallee-solonetz, h' 2 is 2-2~ times as great as either h'l or h' 3. In the past considerable emphasis has been laid upon the importance. of spring rains, but it is clear from the sign, 'magnitude, and duration of the response that the ultimate success of the harvest depends upon favourable rains throughout the' season, and in particular during the winter months. Seeding operations, when properly conducted, commence after the opening rains and range from mid-April to the end of June, depending upon date of break in the season and location within the wheat belt. The mean time of seeding can be taken as the last week of May and it is significant that rain above average for some ,we~s prior to sowing should have a marked influence on yield. Early rains facilitate preparations for seeding and coincide with soil temperatures that are still high enough to promote germination and early development, two factors of material value in a growing season of short duration. The characteristic feature of autumnal weather over a large proportion of the South Australian wheat belt is that suitable conditions for seeding operations, rapid germination, and early growth, are confined to a very limited period. Earlier seeding is hazardous and later seeding almost invariably leads to unsatisfactory development which can only be successful in the event of a protracted and otherwise favourable season. As time advances from April 1, average effective rainfall increases as a result of the combined action of increasing rainfall and associated atmospheric conditions of rising humidity, decreasing temperature, and decreasing solar radiation. The increasing response to winter rains is due principally to an indirect effect following upon accumulation of water reserves for use in later stages of the life cycle, but there exists also a direct effect in stimulating surface growth since temperatures do not fall to the point where development is arrested completely.
From mid-August, growth and transpiration accelerate rapidly as each atmospheric condition traverses the second part of the course in its periodic movement. The fall in response to rainfall in the latter portion of the season can reasonably be ascribed to the interplay of several factors. In the first place, average effective rainfall is rapidly reduced as the season advances and the regression shows, in reality, the benefit from only the available moisture. Secondly, rain during September, October, and November is often preceded by strong north winds which directly damage the crop through shattering, lodging, etc., and finally, if suitable conditions prevail after rain, they are conducive to the development of disease, for example rust.
The regularity and simplicity of the changes in magnitude of the coefficients, taken in their natural order, suggest that the regression of yield on rainfall, considered as a function of time, assumes a form of simple character, which could, in fact, be represented accurately by a parabola having' a maximum in winter and zeros in autumn and spring or early summer. Later sections will demonstrate that this actually holds true over a large proportion of the wheat belt. The shape of the curve would be expected to vary with soil, standard of cropping, stage of development, and so on but the effects of these factors are subordinate to the dominating influence of rainfall. In regions of lowest rainfall, the curve has its greatest maximum, but as the mean rainfall increases, the winter maximum is reduced in value, accompanied by a general flattening of the curve. An extremely simplified diagrammatic representation is given in Figure 7 , where the regression functions, in order, correspond to districts with increasing mean rainfall.
The change in the form of these curves, as the mean rainfall increases, is readily explicable when consideration is given to the concept of optimal rains. Thus, corresponding to any particular time t during the season, there will be an optimal rainfall, and the relation between yield and rainfall at t would be expected to follow a curve rising to, ~nd falling from, the yield at the optimum, in a manner resembling that given in Figure 8 ; as drawn the curve is a parabola but there are no theoretical grounds to suggest that the true relationship would possess this particular mathematical form. The four points marked on the abscissa in Figure 8 correspond to the mean rainfall at t in the four districts of Figure 7 and constitute a sequence of values approaching optimal rain. Tangents at the points where the four ordinates intersect the curve represent a series of diminishing positive regression coefficients corresponding to the ordinates at t of the four curves in Figure 7 . It was expected originally that direct evidence of well-defined optimal conditions would be obtained for individual hundreds throughout a substantial proportion of the wheat belt, but as mentioned previously, an exhaustive examination failed to reveal, in any instance, corresponding quadratic terms of quantitative .importance, the greater part of the effect of rainfall being expressible in terms of linear relations in the variates employed herein. The explanation of this feature lies simply in the fact that the rains actually received· in the majority of seasons in the period under review are distributed over a range with an upper limit which is in defect of the optimum.
It is, however, possible with the red brown earths and loamy mallee types to make an indirect assessment of optimal rains by taking in Figures 2 and 3 the values where the fitted regression lines intersect the axes of the rainfall variates, and the relationship between yield and rainfall may be inferred from the solution of the elementary differential equation
where y denotes yield, x any rainfall variate, and a and b the constants of the appropriate regression line in the figures. Integration gives
and since the regressions are approximately linear, a parabola describes, with sufficient accuracy, the relation between yield and rainfall for the three subdivisions of the season used in the analysis. This convenient procedure has been adopted since it does not seem justifiable to press refinement too far owing to the nature of the data and the assumptions that have already been made. The equations to the cutves for the red brown earths are as follows:
Rains of the Period April-May June-July-August September-October
Optimal Rain (in. )
3.6 8.8
4.7 so that optimal seasonal rains on this soil type amount to approximately 17 in. appropriately distributed. Ign~ring regional differentiation, loamy mallee soils give the following results:
April-May June-July-August September-October 
III. EXAMINATION OF INDIVIDUAL RECORDS
It is clear that the regressions for the yields of whole hundreds have been calculated on an extremely broad basis and for this reason an attempt has been made to substantiate the general results by examination of data obtained under more uniform conditions. Owing to the extreme difficulty of securing long and accurate records only a limited number were available; the locations of the places whence they were derived are given in Figure 1 . to the classical experiment on Broadbalk at Rothamsted, but differed from the latter in two important features. At Rothamsted the manurial treatments were applied to single plots, but at Roseworthy the treatments were applied to pairs of plots, which for several treatments were replicated. Previous experience had demonstrated that it was essential to fallow and in order to accomplish this and simultaneously maintain the continuity of the record, each treatment was applied to two adjacent plots which were alternately cropped and fallowed. The trial was continued until 1930, by which time, notwithstanding the fallowing, the yields had declined to extremely low values. In 1931 all plots were fallowed but poor yields were obtained again in 1932, and for this and other reasons the trial was terminated.
In the original plan the experimental field comprised 122 acres divided into 61 two-acre plots. In 1911 a further 10 plots were added, making the area 142 acres. Over the major portion of the field the soil, which originally carried scattered groups of Murray box (Eucalyptus largiflorens), consists of a fairly uniform medium to heavy chocolate loam overlying a yellow-red clay subsoil and may be regarded as typically good wheat land. The only irregularity of note is due. to small areas of travertine limestone with their covering of loose, light soil, characteristic of mallee country; soils of this type carry mallee (E. dumosa and E. oleosa) in their natural state. Each plot consisted of a narrow strip about 4/5 chain in breadth and some 24-25 chains long. In 1905 the plot area was 1.97 acres but in subsequent years this was slightly reduced.
Owing to the numerous modifications and changes made in the original plan, the yields from only eight pairs of plots for the 26 seasons 1905-30 inclusive are suitable for analysis but two of these have been omitted since the manurial treatments are not now of any practical importance. The numbers and manurial treatments of the selected plots are given below: -27 Gluyas, 1928 Ford, 1929 The rainfall data were taken from the meteorological records at the College; rainfall was measured with a standard 8 in. gauge on a site approximately one mile from the experimental plots.
In 1923 excessive autumnal and early winter rains made normal seeding operations impracticable with the result that no crop yield is available for "this year. Al10wance for this fact has been made in the correlational analysis.
(ii) Pre:liminary Analysis.-It has been pointed out that yields were obtained from adjacent plots sown in alternate years. Inspection of the records showed clearly that the mean yields of the members of each selected pair were not significantly different but it was not obvious that the trends of these yields also differed" only by errors of random sampling. Before proceeding with the main analysis it was deemed advisable, therefore, to subject the data to preliminary tests in order to assess the effect of the alternate fallows on the continuity of the records. The series of yields involving plots scheduled for sowing in 1923 were completed by inserting the average of the three preceding and three succeeding yields and the linear regression on time of each individual sequence determined. In all cases, the mean yields, linear regressions, and residual variances were not significantly different and consequently it was considered legitimate to combine the two series to form a single continuous record for each pair of plots."
(iii) Analysis of Yield Data.-On the assumption that the succession of seasons had been fortuitous, and this is justifiable, the linear regression of "yield on time was determined and the total variation in yield partitioned into two components, the first ascribable to the regression and the second to annual Huctuations of yield about the fitted line.
Large and significant declines in yield were observed under all manurial treatments, and from the evidence available, they may be attributed primarily to increasing infestation of the plots with weeds, particularly wild oats (Avena fatua). Since the six unmanured plots averaged apprOximately 20 bushels" per acre in 1905, there seems no doubt that, from the standpoint of local practice at the time, the experiment was initiated at a stage where the field was in a high state of fertility and it is possible that the fall in yield was due in part to depletion of this fertility, but it is certain that this factor is negligible in comparison" with the predominant damaging effect of the weeds.
(iv) Correlation of Yield and Rainfall.-Fluctuations in yield about the course of the decline may be attributed to random variations in the seasons, and for the purpose of correlating them with the weather, the method developed by Fisher (loc. cit.) has been followed. Seasonal conditions have been represented conventionally by rainfall of the period March 1 to December 14, an interval of sufficient length to embrace all seasons in which rainfall is effective for some weeks prior to the average date of seeding (approximately May 30) and all seasons in which harvesting was delayed until early December.
The rainfall of this period in each year was divided into 48 six-day totals and to each set of values was fitted a series of orthogonal polynomial functions of the third degree in time, thus furnishing four constants, denoted by a', b', c', and d' with which to express the quantity and distribution of rainfall in each season. As the linear component of secular change had been eliminated from each "sequence of yields it was necessary to treat the rainfall distribution values in a similar manner. Actually each series was fitted initially with a curve of the second degree in time. This precaution was taken because a previous analysis had demonstrated the presence of well-defined changes in the distribution of seasonal rainfall at Adelaide, a neighbouring observing station. The parabolic terms were, however, all insignificant and were not retained. In making allowance for the fact that no yields were available in 1923, the polynomial value of each rainfall distribution constant was calculated for that year and the difference, observed value -polynomial value, found in each case.
The quantities a', b', e', and d', which are proportional to the polynomial terms, were taken as independent variates in terms of which yields were to be expressed in the form of a multiple regression relationship. The standard technique is used to determine the partial regression coefficients, but before proceeding to the solution of the normal equations, the matrix of sums of squares and products of the independent variates must be corrected by making allowance for secular trend and omission of the year 1923.
With rainfall measured in the unit 10-3 in., the matrix of corrected sums of squares and products is , After correction for secular trend and omission of the data for 1923, the sums of products of yield and the rainfall distribution constants are given in Table 7 , yield being measured in bushels per acre and rainfall in inches, and with the same units the partial regressions of yield on the rainfall variates are as given in Table 8 .
It is of interest at this stage to calculate how much of the annual variability in yield is expressible in terms of the quantity and distribution of seasonal rainfall. For example, with respect to plots 26-27 the sum of squares ascribable to the regression on all four variates is 502.61, but if a' had been the only measure of rainfall, the regression of yield on it would have been 7.31530/0.171396 = 42.68 bushels per acre per inch and the sum of squares due to this regression 7.31530 2 /0.171396 = 312.22. The difference between these two sums of squares is the amount attributable to the regression on the distribution constants b', 0', and d'. This series of calculations is summarized in Table 9 in an analysis of the annual variation of yield, plots 26-27. The regression on a' alone is highly significant and thus gives decisive information regarding the effect of quantity of rain, namely that the yield is increased on the average by 42.68/48 = 0.89 bushels per acre per inch of rain per six-day period.
The mean square for regression on b', c', and d' is also strongly significant, showing that the distribution of rainfall throughout the season has a marked effect on yield. The multiple correlation is R = 0.87 and the percentage of variance, A, ascribable to the average effect of the rain is 71 per cent. the. selected period. Only the average curves of the duplicates are shown in Figures 9 and 10, and in Figure 11 the curve is the average of two treatments since the individual functions are almost identical.
The three curves follow similar courses of a predominantly parabolic form but do differ in certain points. Similarity of form indicates the dominant role of seasonal conditions in contrast to the secondary influeIlce that manurial treatment has in modifying the response of the crop, even in cases where the differences between the curves are significant. It must be remembered, however, that the sequence of years may· be too short, in view of the extremely erratic nature of seasonal conditions, to establish the differences accurately . 
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The detrimental effect of excess rain in the initial stages, exhibited by all curves, is rapidly reduced, and by April 1 is transformed to a beneficial effect. The extent of the damage is greatest on plots 30-31 and 32-33, followed by [28] [29] [26] [27] April the advantage to the crop increases under all treatments, reaching a maximum during the last 10 days of June; the greatest response is, as would be expected, on plots 30-31 and 32-33 (2.49), followed by 28-29 and 58-59 (1.98), 26-27 and 52-53 (1.78). Thereafter the response gradually diminishes and with the exception of plots 30-31 and 32-33 assumes negative values during the latter part of October and maintains them until mid-December. These observations are in the reverse order of those at the beginning of the season, but no special significance can be attached to the decreases noted in Figures 9 and 10 after the end of the second week in November, since from this date onward an increasing proportion of years occurs in which rains are too late to have any influence on the crop.
The presence of such pronounced decreases due to March rains was unexpected since on general grounds and from the evidence available it might be anticipated that the effects would be negligible. Several possible explanations of this observation immediately suggest themselves: (1) A spurious effect introduced through correlation of March rains with those of other parts of the season; (2) a chance correlation existing in the series of years under review; (3) rust epidemics associated with heavy rains of late summer (vide Cass Smith and Millington 1944); or (4) distortion at the ends of the range due to the inherent disadvantage of polynomial approximation; but none of them withstands close examination. The agreement of all plots and the magnitude of the initial negative regressions are, however, indicative of a genuine effect and this view is supported, though not with completely independent testimony, by Prescott's observation (1933) that, at Roseworthy, the correlation between yield of wheat and rains of the period January-March inclusive, immediately prior to seeding was -0.45. The probability that such a result should be obtained by chance from uncorrelated material is approximately 1 in 50.
Prescott examined data from three other South Australian stations, Minnipa, Booborowie, and Veitch, the correlations being respectively -0.22, -0.23, and -0.27, and remarked that the series of four negative coefficients was suggestive of a harmful effect of these rains. Further consideration does, however, render untenable any suggestion that such a relation holds widely under edaphic and climatic conditionS similar to those of the stations mentioned. In the first place, when the four coefficients are taken individually only that for Roseworthy is significant and, when taken conjointly, the probability of a chance result is about 1 in 10; secondly, data from stations similarly situated provide no evidence that the relation exists. It thus appears that some particular circumstance is associated with the locality. Since Roseworthy College is nearly centrally situated in the hundred of Mudlawirra its rainfall may be taken as representative of that area, and consequently if the feature observed is not confined to the College farm itself, it should appear on examination of the yields from the hundred. To test this point yields of the College and the hundred, for the same sequence of years 1905-30 inclusive, were correlated with the distribution constants a ', b', c', and thus establishing, beyond all doubt, the extremely localized character of the phenomenon.
The effect observed is attributable to a temporary depletion of the reserves of available plant nutrients, particularly nitrates, caused by a chain of circumstances depending ultimately upon the high degree of weed infestation, which, incidentally, was not confined merely to the experimental plots, but extended throughout the College area.
Early seasonal rains stimulate germination and rapid development of weeds which immediately draw on the nitrate supply generated in the fallows. Although this organic material is returned to the soil during preparations for seeding, its nitrogen would not become available again until decomposition occurred, and moreover, in the various stages of the latter process, in particular the initial stages, soil nitrates suffer a further reduction as microorganisms draw on the supply to synthesize microbial protein. The influence on the regression function of nitrate deficiency caused in this way is transient since it is rapidly counterbalanced by opposing beneficial effects of later rains and nitrogen gradually becomes available. The crop is, however, deprived of a certain pr~portion of the nitrogen as some of the weed population survives to complete the life cycle. Two features of the analysis support this explanation of the negative March regressions. In the first place, the order of magnitude of the damaging effect of excessive March rains is the same as the order in: decrement of yield which, as stated above, is itself due principally to infestation by weeds, and secondly, there is a response to nitrogen as indicated by contrasting the curve of Figure 11 with those of Figures 9 and 10 . The general management of the farm was subjected to radical changes in 1932-33 so that further confirmation may be sought by examining data of the period 1933-48 inclusive. Only yields for the whole farm are available, and their correlation with March rainfall of the 16 years is -0.06, an insignificant value. The paucity of the data does not warrant any greater detail in the analysis.
One other point should be mentioned. It is known that heavy autumnal rains are very effective leaching agents (Prescott and Piper 1930) . Penman (personal communication 1949) has pointed out that this is due to the structural condition of aggregated soil particles following the long arid summer season, and that a substantial proportion of nitrate leached to the subsoil may disappear, probably by denitrification and subsequent dissipation of nitrogen in gaseous form. At Roseworthy, leaching, especially in the surface layers, may thus tend to accentuate the nitrate deficiency, but under the prevailing climatic conditions, it could not reasonably be regarded as a major contributor. In all the data herein examined, the only locality that shows definite evidence of nitrate deficiency, caused by leaching, and sufficiently acute to give 1"ise to negative 1"egmssions on rainfall, is a small area of podsolic soils situated in southern Eyre Peninsula (vide Cornish lac. cit., Fig. 8 ).
(vi) Significant DifJe1"ences between Regmssion Functions.-At this juncture it is perhaps worth while to give, at some length, a description of the significance test of the difference between two curves as a preliminary to contrasting the results obtained under the several treatments. Actually, the test can be made in two ways, depending on whether replicates of the treatments exist or not. If there is no replication, the test is made by comparing the variance ascribable to the rainfall curve fitted to the differences between the two treatments with deviations of the differences from the fitted curve. On the other hand, if replicates of the treatment exist, a rainfall curve is fitted to each replicate and the difference between the average curves of the treatments is then tested against the differences between rainfall curves of replicates of the same treatment. Obviously in this case, the first test can also be applied in comparing the average curves of the two treatments. The two tests are not necessarily equivalent, but the cogency of this statement may not be apparent until further details of each test, and the appropriate interpretation of the two results are given.
First test.-To illustrate this test consider the duplicate sets of yields from plots 26-27 and 52-53. In applying the test, a rainfall curve is fitted to the differences between the deviations of the observed yields in the two series from their respective linear trends in a manner similar to that used in finding the rainfall curves for individual plots. The same curve can obviously be obtained by taking, at all points, the difference between the curves already fitted to the two series of yields. This provides a very expeditious means for finding the actual curve but, in order to make the test of significance conveniently, the regression coefficients are required. It is not, however, necessary to start ab initio. Since the regression coefficients and product sums of yield with the rainfall distribution constants are available for each plot, it can be shown that the quantities required in making the significance test can be obtained by taking differences. Thus from Tables 7 and 8, the product sums and regression coefficients, together with their differences, are as follows: The total sum of squares of the differences is now required. If y stands for an observed yield, Y for the predicted yield according to the linear trend, and subscripts 1 and 2 are added to distinguish the replicates, this sum is
The two sums of squares on the right-hand side are already available and their actual values are, from Table 10 , 663.16 and 623.65 respectively. The sum of products is obtained in a similar manner to those given in Table 7 , making due allowance for secular trend and omission of the year 1923. The corrected sum is 536.32 and consequently the sum of the squares of differences is 214.17. This series of operations can then be summarized in the analysis of variance of Table 11 . Obviously, no significant difference exists between the two curves on the basis of this test. A similar test of the difference between the rainfall curves of plots 28-29 and 58-59 showed that the regression on· a' alone was greater in the former replicate; the difference is signiRcant at the 5 per cent. point but in other respects the curves may be regarded as equivalent. Re-examination of the original data did not disclose any peculiar circumstance relating to plots 58-59 which might reasonably account for the discrepancy between the regressions.
Second test.-Since there is no evidence to show that the autumnal and spring dressings of sodium nitrate differ in their effects, the series 30-31 and 32-33 were taken as replicates and the second test may be illustrated by comparing their average curve with the average of the duplicates 26-27 and 52-53. The appropriate product sums and regression coefficients from Tables 7 and 8 respectively are first averaged and then differences between the averages are taken. The figures are as follows:
Average of Plots The total sum of squares of the differences between the average deviations is now required. If, as before, y and Y stand for observed and predicted yields respectively, subscripts 1 and 2 distinguish the replicates and superscript dashes are added to denote manurial treatment, the sum of squares (superphosphate and sodium nitrate -no manure) is
Only the last four product sums need be calculated since the remaining quantities are available from previous tests. Numerically the sum of squares is 280.47 and the analysis of variance is given in Table 12 .
In conducting the second test, a comparison is made between the mean square 32.10 with 4 degrees of freedom and the mean square 2.91 with 8 degrees of freedom; in this illustration the difference is strongly significant, 0.001 < P < 0.01.
The analysis may be carried further by partitioning the sum 128.40 into two of its components (i) regression on a' (ii) regression on b', c', and d', and comparing the mean square of each with its corresponding components in the sum 23.25 with 8 degrees of freedom. This test shows that the regressions on quantity of rain and its distribution are individually significant, 0.01 < P < 0.05, in each case, and consequently there is a real difference between the average curves of plots 30-31, 32-33 and 26-27, 52-53. After comparing the two tests, it is apparent that only in the second is account taken of soil heterogeneity. Consequently, any significant difference demonstrated by the first test is not necessarily attributable to differential treatment as it may be due to inherent differences between the plots. Apart from this, another important difference exists between the two tests. Suppose the treatments to be compared are replicated and the average regression of each set of replicates is taken. Consider one of the treatments. If the sequence of years under examination can be regarded as a random sample of rainfall values, and is of sufficient length to sample adequately the range of rainfall variation, the expectation is that the average regression, obtained from any other sample containing the same number of seasons, will only differ from that calculated on the first sample by more than twice the standard deviation of the first regression (as computed from the deviations from the average regression line) in 5 per cent. of trials. The two regressions mayor may not be really different, but the important point is that their difference is unlikely to be significant using sampling errors calculated by the first test. As replicates exist, a separate regression can be fitted to each and the significance of the average regression may be tested by comparison with the variation among regressions of individual replicates. Since the experience of all replicates is based upon an identical sequence of seasons, it may be anticipated that the random errors associated with the replicates are on a smaller scale, and if the effects due to soil heterogeneity (between replicates) are small or non-existent, the average regression calculated from the first sample of seasons would probably be significant. The same remark applies equally well to the average regression based on the second set of seasons. Thus the average regressions may be established as individually significant, but it is also possible that their difference is significant, or that they exhibit opposing effects due to rainfall, especially if the two samples of seasons differ markedly. The first of these comparisons provides the greatest contrast and the regression function representing it is illustrated in Figure 12 . The two salient features are the heavier damage due to excess March rain and the greater response to winter rains on plots 30-31 and 32-33. The former has been covered in the discussion above, while the latter follows from the response of the crop to nitrogen and phosphorus supplied in the fertilizer. The treatment replaces some of the nitrogen rendered unavailable and may even assist in the liberation of a certain proportion of it by facilitating decomposition of the organic material ploughed into the soil. The reaction must occur in this way since on well-prepared fallows nitrification generates sufficient nitrate to meet the demands of cropping so that normally there is no response to dressings of nitrogenous fertilizers. The significant difference on quantity of rain in the second comparison follows also from the stimulus given by the additional nitrate.
The negative result of the third comparison was unexpected since it was anticipated that a difference in favour of superphosphate would be obtained in accordance with the established observations that soils of the wheat belt are deficient in available phosphorus and that phosphatic fertilizer induces early development of the wheat plant. The response of the crop to seasonal rains must necessarily be intimately related to the fertility of the soil, but the dominating effect of rainfall, coupled with the fact that the sample of years is too small to allow the disturbing influence of erratic seasons to be smoothed out, make it impossible to establish any but major differences. The solution of the main problem is complicated also by the competitive effect of the weeds since the shortage of nitrogen on the plots tr.eated with phosphate alone no doubt influences the response to phosphorus. This factor is probably not operative on the plots treated with both superphosphate and sodium nitrate after application of the latter.
(b) Minnipa The yield data were taken from 'records of the State experimental station at Minnipa for the period 1916-44 inclusive. Farming commenced in 1916 on virginal sandy mallee soils of granitic origin, which in their original state carried mallee eucalypts (E. gracilis, E. dumosa, and E. oleosa). The property was operated as an experimental station until 1930 and subsequently on a basis of share-farming. All wheat crops have been grown with superphosphate on mixed areas of fallow, stubble, and new land, the total area in any year ranging from 100 to 1,000 acres. Rainfall data were recorded in the townsh~p of Minnipa adjacent to the farm. The method of analysis was similar to that used for Roseworthy, seasonal weather being represented by rains of the period March I-December 8 to which a polynomial of the third degree was fitted. The regression function is illustrated in Figure 13 .
(c) Kimba This record was obtained from a large private property on which approximately 600 acres of wheat were harvested annually, and extends over the period 1917-43 inclusive. The farm was established in 1916-17 on virginal sandy mallee which in its native state carried Callitris spp. in addition to typical mallee. All crops have been supplied with superphosphate and in the early years were sown on fallow, stubble, and new land, but latterly in 4 course rotations. Rainfall observations were taken in Kimba nearby. Seasonal rains were computed for the period March I-December 8 and the analysis was similar to that used for Roseworthy. The regression function is given in Figure 14 . 
(d) Veitch
The yield data were recorded at the State experimental farm, Veitch, for the years 1909-30 inclusive. Farming was commenced in 1909 on virginal sandy mallee soils which carried mallee eucalypts with only a sparse bushy undergrowth indicative of the low rainfall, and all wheat crops have been grown with superphosphate on mixed areas of fallow, stubble, and new land, the total area in any year ranging from 100 to nearly 1,000 acres. Rainfall observations were taken at Veitch's Well on a site adjoining the farm. As the data were recorded only by calendar months, seasonal conditions could not be considered in detail and recourse was therefore taken to an analysis by multiple regression in which rains of the periods April-May, June-July-August, and September-October were taken as variates. The partial regressions in bushels per acre per inch are , April-May June-July-August September-October This record of yield data, which extends over the period 1897-1943, was taken from a large private holding near Saddleworth. The property is comprised almost equally of two soil types, a black earth (chemozem) and a type intermediate in grade between a red brown earth and a podsol. Wheat has been sown with superphosphate on areas averaging 500 acres annually in various crop rotations involving 3-7 courses. Rainfall observations were taken in the nearby township of Saddleworth and the season has been represented by rains of the period March I-December 31, the analysis being similar to that used for Roseworthy except that each season's data were fitted with a polynomial of the 5th degree. The regression function is given in Figure 15 . (g) Lameroo The private property from which this record for the years 1911-46 inclusive was taken, is situated near Lameroo and was established in 1910-11 on virginal transitional mallee-solonetz soil carrying in its native state mallee (E. incrassata) and broombush (M elaleuca uncinata). At this particular site the soils tend toward complete solonization. Wheat crops have all been supplied with superphosphate and have been sown on mixed areas, ranging from 100 to 450 acres, of fallow and stubble and latterly in rotations. Rainfall observations were taken on the property. The season was represented by rains of the period March I-December 20, the analysis being similar to that used for Roseworthy. The regression function is illustrated in Figure 16 . (h) General Remarks In the analyses of the data listed in Sections III(b) to III(g) above, secular variations in yield and/or rainfall, wherever they occurred, have been eliminated before correlating the variables.
Considering the soils of the wheat belt broadly, the more lightly textured mallee types may be represented by Minnipa, Kimba, and Veitch, the heavier loamy mallee types by Roseworthy, transitional mallee-solonetz by Lameroo, red brown earths in zones of less than 15 in. seasonal rainfall by Booborowie, and red brown earths with their associated soilll in zones of more than 15 in. seasonal rainfall by Saddleworth (vide Cornish loco cit., Fig. 8 ).
The results obtained from these individual records substantiate the observations and general conclusions given in Section II(c), and vindicate the argument used in the choice of the rainfall variates and analytical technique. Regressions on both quantity and seasonal distribution of rainfall are signi~ Hcant at Kimba, Minnipa, and Lameroo, but not at Saddleworth. Mter taking the average curve of the three treatments at Roseworthy to represent that locality, comparative tests among the regression functions yielded significant differences in all cases except the contrast between Minnipa and Kimba. It is, however, certain that, if the particular circumstances noted at Roseworthy had not applied, the regression function would not have differed significantly froin either Minnipa or Kimba. The partial regressions obtained at Booborowie indicate that the regression function of the red brown earths also assumes a parabolic form.
Average values of the ordinates for the periods April-May, June-JulyAugust, September-October, taken from the regression functions of Figures 9 to 11, 13, 14, and 16, together with means of the components of seasonal rainfall, are set out in Table 13 . These regressions, and the corresponding quantities from Veitch and Booborowie, are in close agreement with the. coefficients . obtained for hundreds on the same broad soil types in which the standard of wheat fanning attains a reasonable level. Average figures for the hundreds are naturally somewhat lower since they have been derived from yields obtained under general industrial conditions and in certain areas are influenced also by the fact that seasonal rains approach their optimal values. The curve for Lameroo contrasts strongly with the remainder, and confinns the observation made above that transitional mallee-solonetz soils behave differently from other soil types within the same zone of rainfall, but the cause of this is at present obscure. At Saddleworth, average rainfall is very nearly optimal at all stages of the season. Since harvesting normally takes place in late December, the rains of November should be included in the seasonal total; this gives an amount of 16.15 in. which would point to the fact that the estimate of 17 in. for red brown earths and associated types given in Section II (c) is too high, even after allowing for errors of estimation. This view may be tested by examination of the records from the Waite Agricultur:;tl Research Institute. The soil at this station is a typical red brown earth and the mean values of the components of seasonal rainfall are April-May 5.03 in., June-JulyAugust 9.14 in., September-October 4.61 in., and November 1.47 in. It:is known (Cornish unpublished data) that April-May rains are considerably in excess of the optimum; June-July-August rains are moderateiy so; while September-October and November rains are close to their optimal values in this locality. As at Saddleworth, November rains must be included in the seasonal total, and consequently, in districts where harvesting normally occurs during the latter half of December, it appears that the estimate of B.B in. for winter rains is between 1 and 2 in. too high, but that the remainiIig two estimates are fairly accurate. On the other hand, in regions where the crop reaches maturity between mid-November and mid-December, it is probable that the figure given is substantially correct. The estimated optimal seasonal total for the heavier mallee soils stands in proper relation to that of the red brown earths since effective rainfall is lower in the climatic zone of the former soil types.
The values of the quantity A are Minnipa 67 per cent., Kimba 54 per cent., Veitch 83 per cent., Booborowie 79 per cent., and Lameroo 55 per cent., which in combination with the figures from Roseworthy, show that approximately 65 per cent. of the annual variance of yield is ascribable to the average effects of the rainfall, thus strongly supporting the contenti{)n made above that rainfall is a sufficiently reliable index of seasonal weather in the wheat belt of South Australia. The result also indicates that in the near future it should be possible to bring fairly accurate forecasts within reach of the State and the industrial farmer when the effects of rainfall have been more accurately assessed by taking account of the information available in additional data. Perkins and Spafford (loc. cit.) in two early reports on the work of the permanent experiment field at Roseworthy summarized their conclusions after studying the effects on yield of seasons favourable and unfavourable to wheat. Their examination was confined to the data accumulated during the first 10 years of the experimental work, but in framing their reports, they no doubt drew upon experience gained from cropping in the district over a longer term. The summary of their conclusions from the second report is as follows:
IV . COMPARISON WITH PREVIOUS WORK
«In the Roseworthy district, and those similarly situated, 15 in. to 16 in. of rain well distributed over the growing period of cereals-April to Novemberrender possible yields of 28 bush. to 30 bush. of wheat or 3 to 3~4 tons of hay.
«In the same districts the most favourable rain distribution for maximum crops is represented by good early seeding rains aggregating 4 in. to 5 in. in April and May, followed by 4 in. to 5 in. in June and July, and by 6 in. to 7 in. between August 1 and October 31. November rains are, as a rule, without significance in seasons that are otherwise favourable.
"In these districts the seasonal factors exercising most powerfully a depressing influence on yields, whether of grain or of hay, are as follows, in order of relative importance: (a) Unduly late seeding rains; (b) a shortage of seeding rains followed by a dry winter; (c) a shortage of spring rains following on an unfavourable winter; (d) unseasonably sudden hot weather accompanied by northerly winds in October or even in November; and (e) moist warm weather in October and November leading to attacks of red rust." In both reports considerable emphasis was laid upon the importance of seeding and winter rains. The conclusions arrived at here, using exact statistical methods and much more data reaffirm their findings with greater precision, and in fact extend them to a major proportion of the wheat belt.
In a general survey of the relation between yield and seasonal rainfall for the principal districts of South . Australia, Perkins (loc. cit.) discussed, present investigation show that, in the environment to which they are applicable, the influence of rainfall on yield is strongly marked throughout practically the entire growing season and is not confined to a few relatively short intervals of time.
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